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PHARMACOLOGICAL ACTIVITY OF BASIC ALKYL
ESTERS OF SUBSTITUTED PYRROLIDINE
DICARBO;XYLIC ACIDS
II. ACTION ON INTESTINE) UTERUS, AND BLOOD PRESSURE*
TED A. LOOMIS AND NORWOOD K. SCHAFFER
Local anesthetic and toxicity studies on a series of 16 basic alkyl
esters ofsubstituted pyrrolidine dicarboxylic acid have been reported
from this laboratory.5 Further pharmacological studies have been
made on these compounds and this report is concerned with their
action on the smooth muscle of the intestine and uterus and on the
blood pressure.
The series of compounds is as follows:
Di-(,/-diethylaminoethyl) c
cc cc
cc CC
cc cc
cc C'
cc cc
CC CC
cc cc
cc dr
(-y-diethylaminopropyl)
cc (e
cc ~CC
(3-diethylaminoethyl
and ethyl
-ster of 1-ethyl
""8-methoxy ethyl
isobutyl
" " " n-hexyl
benzyl
phenyl
" " " o-methyl phenyl
"rn-methyl phenyl
""8-phenyl ethyl
"p-chloro phenyl
"2, 4-dimethyl phenyl
3, 5-dimethyl phenyl
phenyl
"cyclohexy]
n-butyl
2, 5-dicarboxy pyrrolidine
CC ct
CC cc
CC CC
cc CC
CC CC
CC CC
CC ~~~~~cc
CC c
CC CC
c C "p-methyl phenyl
The compounds differ from each other principally in the substitution
of various radicals on the nitrogen atom in the pyrrolidine nucleus.
Fifteen of the compounds are dibasic alkyl esters and one is a mono-
basic alkyl ester. Of the di-esters 12 are P-diethylaminoethyl esters
* From the Department of Pharmacology, Yale University School of Medicine.
This study was aided in part by the Fluid Research Fund of Yale University School
of Medicine. The junior author was American Cyanamid Fellow in Pharmacology,
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and 3 are y-diethylaminopropyl esters. Hereafter the various com-
pounds will be referred to by the name of the radical substituted on
the nitrogen atom in the pyrrolidine nucleus. The monobasic and
propyl esters will be so indicated.
Methods
Intestine in situ: Cats anesthetized with 30 mg. per kilo of nembutal were
used for the in situ experiments. In the early experiments a balloon was
inserted in the duodenum through an incision in the pyloric end of the
stomach. Kymograph recordings were made from the balloon according to
the method of Krop and Loomis.' The recordings so obtained are principally
those of the activity of the circular muscle of the intestine. In other experi-
ments, longitudinal contractions of the duodenum were recorded by the use
of a modified type of Jackson's internal organ apparatus.2 In later experi-
ments records were made with the two types of apparatus simultaneously
attached to the same and to different segments of the duodenum. Barium
chloride and pitressin were used as controls for increased motility and tonus
of the gut. Papaverine and trasentine hydrochloride* were used as spasmolytic
controls following the induction of spasm by the use of barium chloride. All
compounds were dissolved in physiological saline as previously reported5 and
were administered by injection into a femoral vein in a volume of 1 cc. fol-
lowed by 2 cc. of physiological saline as wash solution.
Isolated intestine: Contractions of the isolated duodenum of the cat and
rabbit were recorded by the use of the same apparatus as was used in the in
situ experiments. A segment of duodenum was removed from the animal
and suspended in oxygenated Ringer-Locke's solution' in a constant-tempera-
ture bath at 37.5°C. All compounds were added to the bath in solution in
the Ringer-Locke solution. In addition to the control drugs used in the
intact preparations, acetylcholine was used as a spasmodic drug and atropine
sulfate as a spasmolytic control drug.
Uterus: Experiments on the uterus in situ were made simultaneously with
the intestinal studies. One horn of the cat uterus was attached to a modified
type of Jackson's internal organ apparatus' and kymograph recordings were
made. The isolated uterus experiments were carried out by the usual method
of suspending one horn of a cat uterus in a constant-temperature bath. The
bath and nutrient solution was the same as that used in the intestinal studies.
Pitocin was used as a spasmodic control drug and trasentine hydrochloride was
used as a spasmolytic control drug.
Blood pressure, etc.: The effect of intravenously administered pyrrolidine
compounds on the arterial blood pressure and heart rate was recorded simul-
* Crystalline trasentine hydrochloride used in this study was generously con-
tributed by Ciba Pharmaceutical Products, Inc.
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taneously with those studies which were made on the intestine and uterus. A
calibrated glass membrane manometer' attached to the conventional carotid
artery cannula was used. Chlorazol Fast Pink BKS4 was used. as the anti-
coagulant and was introduced directly into the cannula: this maneuver
allowed only a minimal amount of it to enter the systemic circulation. The
respiratory rate was determined by the respiratory waves in the blood pressure
record.
Intestinal studies
Results: Fourteen of the 16 pyrrolidine compounds were found
to increase the frequency and amplitude of the tonic contractions and
the level of tonus in the circular muscle of the intact cat duodenum
TABLE I
SPASMODIG EFFECT OF PYRROLIDINE COMPOUNDS, GIVEN INTRAVENOUSLY, ON THE
CIRCULAR SMOOTH MUSCLE OF THE INTACT CAT DUODENUM
Compound
Cyclohexyl
p-methyl phenyl
t-chlorophenyl
fl-methoxy ethyl
3, 5-dimethyl phenyl
Butyl
Phenyl (propyl ester)
Isobutyl
Phenyl
o-methyl phenyl.
m-methyl phenyl
Hexyl
Benzyl
2, 4-dimethyl phenyl
Ethyl
,B-phenyl ethyl
Barium chloride
Pitressin
No. of
cats
7
2
3
7
2
3
2
3
2
2
2
2
4
2
2
2
Dosage range
mg./kg.
1- 15
1- 20
1- 10
10- 40
1- 10
5- 20
1- 10
1- 20
1- 10
5- 20
1- 5
5- 10
1- 10
1- 15
1 - 100
1- 6
Spasmodic
response*
+-t
+ - I II
+ -
+ - +
+ -
+ -
+ -
+ - +II
+-t
+ -14
none
none
Duration in
minutes
3- 19
7- 12
2- 11
2- 12
1- 8
5-19
3-11
3- 9
1- 8
2- 4
3-12
2- 6
2- 3
0- 3
5 1- 2 +- 3-15
2 0.5-1 unit/kg. +-+i 1 5-30+
* + - --i- indicates various degrees of increased tonus and tonic waves as com-
pared with BaCl2.
(table 1). A typical record is presented in Fig. 1, and this type of
result will be referred to as a spasmodic response. The cyclohexyl
(propyl ester), p-methyl phenyl (monobasic ester), p-chlorophenyl,
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3P-methoxy ethyl, and 3, 5-dimethylphenyl derivatives produced a
response equivalent to that produced by 1 to 2 mg. per kilogram
of barium chloride. The response following the administration of
pitressin was of a different type of spasm in that the onset of
increased tonus was delayed and the duration of the response was
considerably longer than that produced by either barium chloride or
the most active pyrrolidine compound. However, the increased
level of tonus produced by the most active pyrrolidine compound
(cyclohexyl) was comparable to that produced by 2 units per kilo-
gram of pitressin.
Five of seven of the pyrrolidine compounds which produced
spasm of the intact circular muscle of the cat duodenum were found
TABLE 2
SPASMOLYTIC EFFECT OF PYRROLIDINE COMPOUTNDS ON THE LONGITUDINAL
CONTRACTIONS OF THE ISOLATED RABBIT DUODENUM
Minimal concentration producing complete relaxation
After BaCI2 After acetylcholine
Compound Alone (2 mg.%) (0.5 mg.%)
Hexyl 20mg.%o lOmg.% lOmg.%5o
Cyclohexyl 10 " 10 " 10 "
Benzyl 40 " 10 " 10 "
,8-phenyl ethyl 10 " 10 " 10
p-methyl phenyl 20 " 10 " 10 "
,1-methoxy ethyl inactive* inactive inactive
Ethyl inactive inactive inactive
Atropine sulfate .006 mg.%
Papaverine HCI 1 mg.%o
* Inactive indicates that the compound produced no relaxation at concentrations
up to 20 mg.%0.
The above data represent the minimal concentration which produced a return of
tonus level to the control base line. The results were obtained on at least two
animals with the exception of the p-methyl phenyl compound which was determined
on one animal.
to decrease the tonus level and the amplitude of contractions of the
longitudinal muscle of the isolated rabbit duodenum. A spasmolytic
response was produced by these derivatives after the production of
a spasm in the muscle with barium chloride or acetylcholine. The
results are shown in table 2.
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This apparent diametrically opposite response in the isolated
longitudinal muscle ofithe rabbit as compared with the intact circular
muscle of the cat
prompted experi- ISOLATED WOOD"
ments in which the
circular and longi-
tudinal contractions t'Rtu6^A __j
of the duodenum At t
were measured sim-
ultaneously. After
the induction of a
barium spasm in the
intact or isolated du- Al
odenum of the cat, -L0NiTrbIAL*
three representative A SENZVL fcOlP b,
compounds were
S . EZ1
compounds1 wre T FIG. 2. Effect of the benzyl compound on the isolated cat -tested (table 3). It duodenum after the addition of barium chloride.
was found that the
cydohexyl and 'benzyl derivatives produced either a further increase
in the spasmodic contractions or a brief relaxation followed by
increased contrac-
INTACT DUODENUM tions in the circular
Il Imuscle, and a simul-
CJRCULM '~~~~qwv ~taneous spasmolytic f__NVN___4VtttJ\Mt W response in the
At -longitudinal muscle.
i*,- Typical records are
h/ , || shown in Figs. 2 and
3. Trasentine and
papaverine controls
LONGITUINAL consistently pro- duced a spasmolytic
A 20w*IK. BEN2rL COMP. response in both the circular and longitu-
FIG. 3. Effect of the benzyl compound on the intact cat duo- d m denum after the addition of barium chloride. dinal musde groups
(Fig. 4). The ~-
methoxy ethyl derivative was inactive on the longitudinal musde
and produced aspasmodic response in the circular muscle. This find-
ing con-firmed the results previously obtained when the circular or
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longitudinal contractions were measured singly in different experi-
ments. It may tbe seen in table 3 that essentially similar results are
obtained in the experiments on isolated or intact intestine.
With the isolated duodenum of the cat, the spasmolytic action
of 40 mg. per cent of the benzyl derivative on the longitudinal
muscle was comparable to that produced by 2 mg. per cent of papa-
verne hydrochloride or 20 mg. per cent of trasentine hydrochloride.
With the intact preparation, although the cyclohexyl and benzyl
compounds showed spasmolytic activity in the longitudinal muscle,
neither compound in sublethal doses produced a response equivalent
to that of 20 mg. per kilogram of trasentine hydrochloride or 2 mg.
per kilogram of papaverine hydrochloride.
Discussion: Records obtained by the use of apparatus which
records simultaneously the circular and longitudinal contractions of
the duodenum indicate
ISOLATED DUODENUM that these two sets of
musculature spontane-
ously contract and relax
12X independently -of each
other. Following the
\~use of trasentine and
t l,l^,, % ~~~papaverine it was ob
R1 served 'that the longitu-
dinal musculature w re- im Im, ,4, sponds to lower concen-
LONMTUDINAL trations of these drugs CotiTIMCITIONS~~~o ites dug
with a more rapid onset
|ofaction and frequently
tnnz s I .tvwl with a longer duration
of response than does
A _ 2niniLw, the circular muscle. For
Zm&8 B4.. i-pdinA example, it was repeat-
2m tngZ TrasentinHitI at point B edly noted that trasen-
!tine in a dose of 5 mg. FIG. 4. Spasmolyrtic effect of trasentine hydrtehloride on
the isolated duodenum of the cat after the addition of barium per kilogram decreased chloride. the level of tonus of the
longitudinal musculature but resulted in little or no change in the
circular muscle activity. After a dose of 20 mg. per kilogram both
thelongitudinal and circular muscle showed relaxation; however, the
longitudinal muscle was the first of the two to respond. Similar
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results were obtained when the two sets of apparatus which record
the circular and longitudinal contractions are attached to the same or
different segments of the duodenum.
Because of the variation in response produced by different doses
of the control drugs, it was believed that the failure of the pyrroli-
TABLE 3
THE EFFECT OF PYRROLIDINE COMPOUNDS ON THE INCREASED ACTIVITY OF THE
CAT DUODENUM AS PRODUCED BY BARIUM CHLORIDE
Range of Range of response*
concentration Circular Longitudinal
Compaund or dose contractions contractions
1. INTACT Cyclohexyl 5 - 10 mg./kg. + - ++ - - --
PREPA- Benzyl 5 - 10 mg./kg. + - ++ 0 ---
RATION
,8-methoxy ethyl 10 - 20 mg./kg. 0 - +++ none
Papaverine HCl 1 - 2 mg./kg. -- - ----
Trasentine HCI 5 - 10 mg./kg. 0 --
2. ISOLATED Cyclohexyl 10 - 25 mg.%o 0 - ++
PREPA- Benzyl 20 - 40 mg.%o 0 - ++ ---
RATION
/3-methoxy ethyl 2 - 40 mg.%o 0 - ++ none
Papaverine HCI 1 - 2 mg.%'o - ---- -- -----
Trasentine HCl 5 - 20 mng.%0 0 - --- -----
* 0 =no demonstrable change in activity.
- to ----= various degrees of decreased activity.
+ to ++++ = varicus degrees of increased activity.
The above data are a summa.y of at least three determinations for each com-
pound with each determination made on a different cat.
In all isolated preparations 10 mg.% (bath concentration) of BaCl2 were added
and when the maximum increased tonus level was reached the indicated quantity
of the compounds was added to the bath. In all intact preparations 2 mg./kg. of
BaCl2 were injected intravenously, and wlhen the maximum increased tonus level
was reached the indicated dose of the compounds was given by vein.
dine derivatives to produce a spasmolytic response in both muscle
groups of the intestine possibly was due to insufficient dosage. In
the intact preparation it was not possible to increase the dosage above
the range listed in table 1 because of the lethal effect on the animal.YALE JOURNAL OF BIOLOGY AND MEDICINE
In the isolated preparation, however, when the dose of the pyr-
rolidine compounds was increased, it was found that the difference
in the type of response between the circular and longitudinal muscle
became more apparent. That is, both the longitudinal spasmolytic
and the circular spasmodic responses increased in magnitude as the
dose was increased over the concentration range of 1 to 20 mg.
per cent.
Stimulation of the circular muscle in the absence of stimulation
of the longitudinal muscle of the intestine is not a new type of
response to a drug. The so-called "splinting" action of morphine
on the gut has been reported to consist of a spasm in the circular
muscle with little or no spasm and possibly a relaxation of the longi-
tudinal muscle.7 One experiment using our apparatus confirmed this
action of morphine sulfate.
The degree of response of the circular and longitudinal muscle
of the duodenum following a given dose of the control drugs was
dependent on the initial level of tonus of the muscle. Therefore,
after the induction of a barium spasm, trasenitine or papaverine
produced a more marked relaxation (together with a maximal fall
of tonus to a lower level) than was observed using the same doses
before the induction of a barium spasm. In a similar manner the
benzyl and cyclohexyl derivatives produced a definite spasmolytic
response in the barium-induced spastic gut of the intact animal,
whereas these compounds produced only a slight to moderate change
in the pattern of spontaneous contraction of the normal duodenum.
Uterine studies
Results: Eleven of the 16 pyrrolidine compounds were found
to produce an increase in the tonus level and in the frequency of
contractions of the intact uterus of the cat (table 4). The most
active derivative was the 3-methoxy ethyl compound. Twenty mg.
per kilogram of this compound produced a spasmodic response
equivalent to that produced by 0.15 units per kilogram of pitocin
(Fig. 5). With the butyl, benzyl, phenyl (propyl ester), and
n-hexyl derivatives the intensity of the spasm following the highest
doses was not as great as that produced by 0.25 units per kilogram
of pitocin. The phenyl, 2, 4-dimethyl phenyl, 3, 5-dimethyl phenyl,
o-methyl phenyl, and p-chlorophenyl derivatives produced no
change in the normal rhythm of spontaneous uterine contractions in
the intact uterus.
178nIC
C,l ro
0.g
0
bu0
0C
01
4) 0
0~ Q
CO~
0
7 .co
C.'
o s-0
beQ
IEFFECTS OF PYRROLIDINES ON SMOOTH MUSCLE
The intensity of the spasmodic response dbtained from these
active derivatives varied directly with the dose of the compound.
After a small dose (0.001 to 0.2 mg. per cent in isolated prepara-
TABLE 4
SPASMODIC EFFECT OF PYRROLIDINE COMPOUNDS ON THE INTACT CAT UTERUS
Compound
.9-methoxy ethyl
Butyl
Benzyl
f-hexyl
Isobutyl
,f-phenyl ethyl
Ethyl
m-methyl phenyl
Phenyl (propyl ester)
p-methyl phenyl
Cyclohexyl
Phenyl
o-methyl phenyl
p-chlorophenyl
3, 5-dimethyl phenyl
2, 4-dimethyl phenyl
No. of
cats
6t
3
2t
2
3
2
2
2
2
2
3
2
2
3
2
2
i.v. dosage range
mg./kg.
1 - 40
1 - 20
1 - 20
1 - 20
1 - 20
1- 7
1 - 100
1 - 20
1 - 10
1- 2
1 - 20
1 - 10
1 - 20
1 - 20
1 - 10
1 - 10
Pitocin 7 0.15-0.25 unit ++ - +-H1 4- 30
/kg.
* + - = various degrees of increased tonus level as compared with pitocin
controls. 0 = no change in the level of tonus.
t There was one pregnant cat in the group.
tions) the uterine contractions may remain essentially normal in
charaoter, with a slight to moderate increase in amplitude followed
by an interval of relaxation. After larger doses (1.0 to 20.0 mg.
per cent in isolated preparations) the response is a spasmodic increase
in tonus level which is maintained for a period of five to ten minutes.
Thereafter the tonus level and contractions gradually return to
normal over an additional period of five to ten minutes.
Representative derivatives which were active as spasmodic agents
in the intact uterus also showed spasmodic activity in the isolated
uterus. This is shown in table 5. After the induction of a barium
spasm, the benzyl and P-methoxy ethyl compounds produced a
further, additional, increase in tonus level. The 2, 4-dimethyl
phenyl and o-methyl phenyl derivatives, which were inactive on the
Duration in
minutes
3 - 18
7 - 22
2- 7
0 - 15
0 - 7
0- 5
0 - 20
0- 2
0 - 15
0 - 7
0- 6
Spasmodic
response*
+ - -
++ - I I
0- 11i1
0- -H-
0 - ++
0 - ++
0 - ++
0 - ++
0 - +
O - +
none
none
none
none
none
=
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intact uterus, produced a slight to moderate relaxation in the normal
isolated preparation and a marked spasmolytic response at the peak
of a barium-induced spasm (table 6).
TABLE 5
SPASMODIC EFFECT OF PYRROLIDINE COMPOUNDS ON THE ISOLATED CAT UTERUS
Concentrations producing equivalent spasms
Pyrrolidine derivative Pyrrolidine derivative Pitocin
Cyclohexyl (propyl ester) 10 mg.%o 0.1 unit%b
,B-phenyl ethyl 20 0.1
Hexyl 10 0.1
,8-methoxy ethyl 20 0.1
Benzyl 20 0.1
o-methyl phenyl inactive*
2, 4-dimethyl phenyl inactive
* Inactive indicates that the compounds showed a slight relaxation at 20 mg.%
or less rather than spasmodic activity.
The above data represent the approximate lowest concentration of the pyrrolidine
derivative which produced a spasm equivalent to that produced by pitocin as deter-
mined on at least four cat uteri.
Discussion: It was noted (as with the intestine) that the effec-
tiveness of certain of the pyrrolidine compounds, as well as that
of trasentine and papaverLne, in decreasing the activity of the
uterine muscle was dependent on the state of tonus of the muscle
at the time of addition of the drug. The o-methyl phenyl and
2, 4-dimethyl phenyl derivatives had a slight to moderate relaxing
effect on the normal isolated uterus. After theinduction of a barium
spasm, however, these compounds in the same doses produced a
definite marked spasmolytic response.
The derivatives of pyrrolidine which were inactive on the normal
intact uterus are all aromatic derivatives. In contrast, all those
compounds which showed significant spasmodic activity (that is, a
spasm equivalent to at least that induced by 0.15 units per kilogram
of pitocin) are aliphatic derivatives. The\ benzyl compound is
classified as an aliphatic derivative.
The series of intact preparations which were studied included
three pregnant cats. There was no demonstrable difference in these
animals in the range of effective doses of either pitocin, ,-methoxy
ethyl, or the phenyl derivatives as compared with non-pregnant cats.
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TABLE 6
EFFECT OF PYRROLIDINE COMPOUNDS ON THE ISOLATED CAT UTERUS BEFORE AND
DURING A BARIUM CHLORIDE-INDUCED SPASM
BaCI2 Bath
Number concentration concentration Response
of cats (mg.%) Compound (mg.%) range*
3 0 /3-methoxy ethyl 20 - 40 ++ -+++
2 - 4 /3-methoxy ethyl 20 - 40 + - ++
3 0 Benzyl 5 - 20 +-+++
2 - 4 Benzyl 10 - 20 +-++
2 0 2, 4-dimethyl phenyl 20
2 - 4 2, 4-dimethyl phenyl 20 - 40
2 0 o-methyl phenyl 10 - 20
2 - 4 o-methyl phenyl 5 - 20
3 0 Trasentine HCl 10 - 20
2 - 4 Trasentine HC1 10 - 20 -------
*+ - = various degrees of spasmodic response in the uterus.
.+-++++ = various degrees of spasmolytic response in the uterus as com-
pared with trasentine hydrochloride.
The above data represent a summary of the data obtained on three different cat
uteri for each pyrrolidine compound listed.
Blood pressure studies, etc.
Results: All of the 16 pyrrolidine compounds produced a
depressor response. A typical record is presented in Fig. 1. The
type of depressor response was that of a rapid decline in blood
pressure, starting immediately after the intravenous injection and
reaching a maximum fall in two to four minutes followed by a
gradual return to normal over an additional period of from five to
ten minutes, depending on the dose. T-he intensity of the depressor
response varied directly with the dose administered within the range
studied. However, there was a large variation in the degree of
depressor activity between the various compounds in this series fol-
lowing a given dose (Fig. 6).
The ethyl compound was the least active depressor derivative of
the group, 100 mg. per kilogram producing a five per cent fall
in blood pressure. The second least active compound was the
P-methoxy ethyl derivative, which produced no fall in pressure fol-
lowing a dose of 5 mg. per kilogram and a 15 per cent fall in
pressure following a dose of 10 mg. per kilogram. With six of the
181YALE JOURNAL OF BIOLOGY AND MEDICINE
FALL IN BLOOD PRESSURE compounds a dose of 10I
R 01020F30 40 SD 60 708090100 mg. per kilogram pro--
I duced a 100 per cent fall ETHYL E in blood pressure: in such
9-METHOXY ETHYL r cases the animal ceased
PHENYL F breathing and the heart
rENZY p stopped beating.
sENZYL
r Following the intra-
(tp 'pyl venous injection of all of
L the pyrrolidine compounds
m-METHYL____________ dces
PHENYL t there was a decrease in
p-METHYL P_PHE __N_Y _ _ _ the heart rate. The per-
2_Er_E_ centage fall in hieart rate
P3R5HEENYLr_ generally paralleled the
p-CHLORO- _ percentage fall in blood
PHENYL pressure. Five mg. per L., _____k kilogram of the ethyl and P1EWYL ,-methoxy ethyl deriva-
n-HEXYLz tives resulted in no change CYCLOZ in heart rate,; 100 mg. per-
9-PHENWL ETHYL i kilogram oftheethyl com-
pound resulted in a '7 per
FIG. 6. Depressor effect of pyrrolidine compounds cent fall inheart rate 10
in the anesthetized cat. cen ln es ra IO
Legend: Open bar=1.0 mg./kg. intravenously mg. per kilogram of the
Cross-hatched bar=5.0 mg./kg. intravenously k
Solid bar=10.0 mg./kg. intravenously ,3-methoxyethylcompound
All initial blood pressure readings were between 100 compound
and 150 mm. of Hg. The' above data represent the produced a 10 per cent fall
mean maximum fall in blood pressure as determined in in heart rate. A dose of S
at least 2 cats. i er ae oeo
mg per kilogram of 11 of'
the remaining compounds resulted in a 10 tQ 25 per cent fall in heart
rate and this dose of the n-hexyl, cyclohexyl ('propyl ester), and
(-phenyl ethyl derivatives resulted in a 40 to 55 per cent decrease
in heart rate.
No consistent changes in the type of respiration or in the respira-
tory rate were observed in the anesthetized cat following intravenous
injection of the pyrrolidine compounds until nearly lethal doses
were administered. Nearly lethal doses produced a fall in respira-
tory rate, which returned to normal as the blood pressure returned
to normal.
Discussion
The marked depressor action of most of the pyrrolidine deriva-
tives determined the limits of the dosages which could be given
intravenously to the anesthetized animal. In each of at least two,
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experiments with each cormpound there was a 100 per cent fall in
blood pressure, and the animals died following a dose of 10 mg.
per kilogram with six of the derivatives (Fig. 6). Five of these
compounds are aromatic derivatives. The two compounds (ethyl
and 3-methoxy ethyl) which did not produce a complete fall in
blood pressure in doses of less than 70 mg. per lilo are aliphatic
derivatives. In general, the aliphatic derivatives, and particularly
those with a short chain, are less potent depressor agents than are
the aromatic derivatves in this series of compounds.
In a previous report on the toxicity of these pyrrolidine deriva--
tives, it was found that those compounds having an LD50 (mouse,
intraperitoneal) greater than 1 gram per kilogram were the ethyl,
,-methoxy ethyl, and benzyl derivatives. The ethyl and 3-methoxy
ethyl compounds are the least active depressor members of the group
as measured in cats. Furthermore, the compounds having an LD5i
in mice of less than 400 mg. per lilogram are the n-butyl, cyclo-
hexyl, p-chlorophenyl, P-phenyl ethyl, phenyl (propyl ester),
3, 5-dimethyl phenyl, and the o, m, and p-methyl phenyl deriva--
tives. With the exception of the n-butyl member of this group, all
these compounds produced a 100 per cent fall in blood pressure in
cats with a dose -of less thain 40 mg. per kilogram. Therefore, the
compounds which were more toxic for the mice, as measured by
the LD50, are likewise more toxic for the anesthetized cat, as meas-
ured by depressor activity.
Summary and conclusions
Sixteen pyrrolidine compounds were studied with respect to
their effect on the smooth muscde of the intestine and uterus and
on the blood pressure of intact anesthetized cats. In addition, the
effect of these compounds on the isolated uterus of the cat and on
the isolated intestine of the cat and rabbit was studied.
Fourteen of the compounds produced a spasmodic response in
the circular muscle of the intact duodenum of the cat. A dose of
15 mg. per kilogram of the most active derivative in the group
(cyclohexyl derivative) was equivalent in spasmodic activity to
that of 2 mg. per kilogram of barium chloride' Tihis dose of the
cyclohexyl compound produced simultaneously an 85 per cent maxi-
mal fall in blood pressure. After inducing a barium spasm in the
intact duodenum, three representative members of the group pro-
duced either no change or an increased spasmodic response which
was added to the existing barium spasm in the circular muscle, but
there was a simultaneous spasmolytic response in the longitudinal
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muscle. In contrast to this, the control drugs (itrasentine and
papaverine) produced a spasmolytic response in both the circular
and longitudinal muscle groups in the barium-induced spastic
duodenum.
Eleven of the 16 pyrrolidine compounds produced a spasmodic
response in theintact uterus ofthe cat. The ,3-methoxyethyl deriva-
tive was the most active conmpound and was effective in doses which
had little or no effect on the blood pressure. This compound, in
doses of 10 to 20 mg. per kilogram, produced a spasm in the uterus
which was equivalent to that produced by 0.15 to 0.25 units per
kilogram of pitocin. In the isolated preparation, two representative
compounds (benzyl and ,-methoxy ethyl), from the group which
showed spasmodic activity in the intact preparation, also produced
an increased spasmodic response when added toapre-existing barium
spasm.
Of the five pyrrolidine derivatives which produced no alteration
in the normal pattern of spontaneous contraction of the intact uterus,
three produced a slight to moderate relaxation of the isolated uterus.
Of these the o-methyl phenyl and 2, 4-dimethyl phenyl derivatives
showed a marked spasmolytic response on the isolated 'uterus which
was in a 'barium-induced spasm, but only in doses which would be
lethal or nearly lethal in the intact animal.
All the pyrrolidine compounds produced a fall in arterial blood
pressure and heart rate when injected intravenously in cats. There
was a large variation in the depressor response between the various
compounds following a given dose. Six derivatives produced a 100
per cent fall in blood pressure and heart rate, with death of the
animal, after a dose of 10 mg. per kilogram. Two derivatives
(ethyl and ,-methoxy ethyl) caused a fall in blood pressure of 15
per cent or less at this dose.
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